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(54) OSCILLATING CIRCUIT 

(57)Abstract: 

PURPOSE: To provide the oscillating circuit which is suitable to be made into 
an LSI and can stably oscillate regardless of a low supply voltage. 
CONSTITUTION: In the oscillating circuit having a quartz oscillator 6 and an 
amplifier circuit, the clocked gate constitution consisting of MOB transistors 
TRs MP1, MP2, MN1, and MN2 is used as the amplifier circuit, and MOS 
gates MP1 and MN1 to which a clock signal is inputted are used as a load 
resistance, thereby raising the gain and reducing the current consumption. A 
damping resistance Rd is set to a low resistance before the stable state of 
oscillation and is switched to a high resistance at the time of the stable state 
of oscillation not only to easily start oscillation but also prevent the abnormal 
oscillation. The amplifier circuit is constituted of a logic gate consisting of at 
least a load resistance element and a driving MOB TR to easily realize the 
oscillation with a low voltage. 
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V * NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The oscillator circuit characterized by having the frequency divider which delays an oscillation 
output, the resistance element controlled so that it connects with the output side of said amplifying 
circuit and adjustable [ of the resistance ] is carried out by said frequency divider output, and the 
control means controlled to be small in the resistance of said resistance element at the time of 
oscillation starting, and to enlarge the resistance of this resistance element after oscillation stabilization 
in the oscillator circuit which has a proper oscillation child and an amplifying circuit. 

[Claim 2] Said resistance element is an oscillator circuit according to claim 1 characterized by coming to 
consist of Deprez-SHON mold MOS transistors. 

[Claim 3] Said resistance element is an oscillator circuit according to claim 1 characterized by having 
consisted of the fixed-resistance elements and an MOS switch group, and being constituted so that the 
combined-resistance value of said resistance element may be determined by carrying out change-over 
control of this MOS switch group. 

[Claim 4] It is the oscillator circuit characterized by being the logic-gate circuit constituted by said 
amplifier carrying out series connection of a load resistance component and the MOS transistor at least 
between the power source which operates an oscillator circuit, and touch-down in the oscillator circuit 
which has a proper oscillation child and an amplifying circuit. 

[Claim 5] It is the oscillator circuit characterized by being the logic-gate circuit which carried out series 
connection of the power source to which said amplifier operates an oscillator circuit in the oscillator 
circuit which has a proper oscillation child and amplifier, the DEPURESHON mold MOS transistor which 
forms a load resistance component at least between touch-down, and the enhancement type MOS 
transistor. 

[Claim 6] The oscillator circuit according to claim 5 characterized by what the gate electrode and 
source electrode of the DEPURESHON mold MOS transistor which forms said load resistance 
component short-circuited. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the oscillator circuit which used the proper oscillation 
child, especially relates to the oscillator circuit which can operate with low supply voltage possible 
[ inclusion to semiconductor integrated circuit equipments (LSI is called henceforth), such as a 
microprocessor, ]. 
[0002] 

[Description of the Prior Art] In recent years, the oscillator circuit which used the quartz resonator is 
briskly used for IC for wrist watches, the microprocessor, etc. This kind of oscillator circuit reduces a 
cell number in connection with the miniaturization of semiconductor integrated circuit equipment, and 
cell reinforcement, and to operate in the low supply voltage region not more than 2V is demanded. 
[0003] The configuration of the conventional CMOS oscillator circuit which used the quartz resonator 
and the ceramic filter is shown in drawing 2 . In this drawing, the oscillator circuit consists of 2 input 
NAND gate 10, the inverters 1 1 and 12 for oscillator-circuit output waveform shaping, a feedback 
resister R3, resistance Rd that operates as the resistance for phase corrections, and damping 
resistance, a quartz resonator 6, and capacity C4 and C5 for oscillation stabilization and oscillation 
frequency regulation. Usually, the resistance of Resistance Rd is about 1k-100k ohm. 
[0004] Next, actuation of this oscillator circuit is explained with reference to the timing diagram of 
drawing 3 . If the quenching signal STPN (negative logic) is set to a low level (logic 0), the output of 2 
input NAND gate 10 will be fixed to high level (logic 1), and oscillation actuation will stop. On the other 
hand, if the quenching signal STPN becomes high-level, 2 input NAND gate 10 operates as an inverter, 
and it will be committed as a minute voltage amplifier centering on bias voltage until an oscillation is 
stable. 

[0005] If the quenching signal STPN becomes high-level, an oscillator circuit will be in enabling state and 
oscillation actuation will be stabilized after the oscillation start time TRC progress which is time amount 
after starting an oscillator circuit until oscillation actuation is stabilized. 

[0006] As mentioned already, in this kind of oscillator circuit, it is required that the oscillation start time 
TRC should be shortened more with low supply voltage. In the case of 4MHz oscillation frequency, in the 
conventional oscillator circuit which used the quartz resonator, for example, the oscillation start time 
TRC is 60mS extent. 

[0007] Generally the oscillation starting potential Vst of the oscillator circuit which used the quartz 
resonator is influenced according to the following factor as indicated by reference (Institute of 
Electronics and Communication Engineers, 78/10, Vol.J61-C, No.10, pp 636-643). 
[0008] (1) CI value of the outside-temperature (4) quartz resonator of the threshold electrical- 
potential-difference Vth (3) oscillator circuit of the channel ratio W/L (2) MOS transistor of the drive 
MOS transistor of the gate (crystal impedance value) 

Generally, although the oscillation starting potential Vst is in inverse proportion to Log (W/L), even if it 
makes channel ratio W/L increase by 10 times, it falls only about 0.3V. 

[0009] Furthermore, the consumed electric current increases and enlarging channel ratio W/L (current 
amplification factor gm) poses a problem. Lowering the threshold electrical potential difference Vth of an 
MOS transistor also has the fault whose oscillation starting potential Vst is reduced and to which the 
consumed electric current is made to increase too, although it is law on the other hand. 
[0010] Furthermore, CI value of a quartz resonator is a characteristic decided by manufacture 
conditions, and is difficult to control. It is difficult for the oscillation starting potential Vst to realize the 
oscillator circuit not more than 2V from the above conditions. 

[001 1] Although the damping resistance Rd of high resistance was formed in the oscillator circuit which 



u^ed the quartz resonator etc. in order to prevent an abnormality oscillation generally on the other hand 
and to realize stable oscillation actuation, this damping resistance Rd had the problem of worsening the 
oscillation starting performance in low supply voltage (the oscillation starting potential Vst being 
increased). 
[0012] 

[Problem(s) to be Solved by the Invention] With the above-mentioned conventional technique, as 
mentioned above, in order to correspond to low-battery-ization of supply voltage, the current 
amplification factor gm of the MOS transistor for a drive needed to be enlarged, or the threshold 
electrical potential difference Vth needed to be made small, but when done in this way, there was a 
problem of causing increase of the consumed electric current. 

[0013] Furthermore, although damping resistance was needed in order to prevent an abnormality 
oscillation in a high supply voltage region, there was a problem of worsening the oscillation property in a 
low supply voltage region, by preparing this damping resistance. 

[0014] This invention is made in view of such a situation, and it is suitable for LSI-izing and aims at 
offering the oscillator circuit in which a stable oscillation is possible also in a low supply voltage region. 
Namely, while making an oscillation possible in short oscillation start time also with the low supply 
voltage not more than 2V, it aims at offering the oscillator circuit in which stable oscillation actuation is 
possible. 

[0015] Moreover, this invention aims at offering the oscillator circuit which is low supply voltage more, 

for example, can oscillate 0.8-1 .5V to stability. 

[0016] 

[Means for Solving the Problem] The oscillator circuit of this invention is characterized by to have the 
frequency divider which delays an oscillation output in the oscillator circuit which has a proper 
oscillation child and an amplifying circuit, the resistance element controlled so that it connects with the 
output side of said amplifying circuit and adjustable [ of the resistance ] is carried out by said frequency 
divider output, and the control means which controls a frequency divider output to be small in the 
resistance of said resistance element at the time of oscillation starting, and to enlarge the resistance of 
this resistance element after oscillation stabilization. 

[0017] Moreover, the oscillator circuit of this invention is characterized by coming to consist of said 
resistance element Deprez-SHON mold MOS transistors. 

[0018] Furthermore, the oscillator circuit of this invention is characterized by for said resistance 
element having consisted of the fixed-resistance elements and an MOS switch group, and constituting it 
so that the combined-resistance value of said resistance element may be determined by carrying out 
change-over control of this MOS switch group. 

[0019] Moreover, in the oscillator circuit where the oscillator circuit of this invention has a proper 
oscillation child and an amplifying circuit, said amplifier is characterized by being the inverter circuit 
constituted between the power source which operates an oscillator circuit, and touch-down by carrying 
out the series connection of a load resistance component and the MOS transistor. 
[0020] Furthermore, in the oscillator circuit where the oscillator circuit of this invention has a proper 
oscillation child and amplifier, said amplifier is characterized by being the inverter circuit which carried 
out the series connection of the power source which operates an oscillator circuit, the DEPURESHON 
mold MOS transistor which forms a load resistance component between touch-down, and the 
enhancement type MOS transistor. 

[0021] Moreover, the oscillator circuit of this invention is characterized by what the gate electrode and 
source electrode of the DEPURESHON mold MOS transistor which forms said load resistance 
component short-circuited. 
[0022] 

[Function] In the oscillator circuit of the above-mentioned configuration, an oscillation output is delayed 
by the frequency divider, and it is controlled so that adjustable [ of the resistance of the resistance 
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elfement connected to the output side of said amplifying circuit ] is carried out by said frequency divider 
output. Moreover, a frequency divider output is controlled so that the resistance of said resistance 
element is small at the time of oscillation starting and the resistance of this resistance element 
becomes large after oscillation stabilization by the control means. 

[0023] Moreover, in the oscillator circuit of the above-mentioned configuration, said resistance element 
consists of the fixed-resistance elements and an MOS switch group, and the combined-resistance value 
of said resistance element is determined by carrying out change-over control of this MOS switch group. 
[0024] Furthermore, in the oscillator circuit of the above-mentioned configuration, the amplifier which 
constitutes an oscillator circuit is the inverter circuit which carried out the series connection of the 
power source which operates the inverter circuit constituted between the power source which operates 
an oscillator circuit, and touch-down by carrying out the series connection of a load resistance 
component and the MOS transistor, or an oscillator circuit, the DEPURESHON mold MOS transistor 
which forms a load resistance component between touch-down, and the enhancement type MOS 
transistor. Therefore, a threshold electrical potential difference can be reduced (what is necessary is to 
take only Vth of a drive NMOS transistor into consideration), refer to the formula (1) — so, oscillation 
starting potential can be reduced. 
[0025] 

[Example] Hereafter, the example of this invention is explained with reference to a drawing. The 
configuration of one example of the oscillator circuit concerning this invention is shown in drawing 1 . 
Although this example shows the example applied to LSI, it is clear that nothing is not limited to LSI and 
it can apply to large common equipment so that the following explanation may also show. 
[0026] In drawing 1 , the oscillator circuit concerning this invention has the PMOS transistors MP1 and 
MP2 which constitute the clocked inverter gate, the NMOS transistors MN1 and MN2, the inverters 13 
and 14 which generate the signal which controls this clocked gate, the NMOS transistor MN3, the 
inverters 1 1 and 12 for output clock waveform shaping, a feedback resister R3, a quartz resonator 6, the 
resonance capacity C4 and C5, and the damping resistance Rd. 

[0027] In the above-mentioned configuration, inverters 11 and 12 shape an oscillator-circuit output in 
waveform, and generate internal clock signals, such as Microcomputer LSI. 

[0028] Moreover, in quenching mode, the NMOS transistor MN3 is turned on, when the quenching signal 
STP is high-level, and it functions as a pull down resistor which fixes a clocked gate output to touch- 
down potential. 

[0029] Thus, at this example, it is the clocked MOS gates MP1 and MN1 and pulldown [ MOS ]. It has 
the features which can control oscillation mode / quenching mode by MN3. 

[0030] In addition, it is the terminal into which, as for Vcc, a supply voltage terminal is inputted into, and, 
as for 35, the quenching signal STP is inputted. 

[0031] The damping resistance element (not shown to drawing 1 ) controllable by this example so that 
the clocked gate is adopted as a OMOS oscillator circuit and resistance serves as adjustable with a 
control signal was adopted. 

[0032] In this example, the above-mentioned clocked . gate configuration realized the low consumed 

electric current and a high gain. Gain G is expressed with a degree type. 

[0033] 

G=gm-rd= betap-betan (Vcc-Vthn-|Vthp|) 
x [(rN1+rN2) //(rPi+rP2)] (1) 

Here, rd is rNi and the MOS dynamic resistance as a load resistance component and rPi are dynamic 
resistance between the drain sources of the NMOS transistor MNi and the PMOS transistor MPi, 
respectively. 

[0034] Moreover, the channel conductance of a PMOS transistor and an NMOS transistor, Vthp, and 
Vthn of betap and betan are the threshold electrical potential difference of a PMOS transistor and an 
NMOS transistor, respectively. 
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[0035] In order to reduce the oscillation starting potential Vst, it is necessary to enlarge gain G. As for 
that mentioned above, it is an MOS transistor for a drive. The size (W/L or betap, betan) of MN2 and 
MP2 is designed greatly. With the configuration of this invention, since resistance of rN1 and rP1 is 
added, it is effective in gain increasing further. 

[0036] The consumed electric current can be reduced by designing small the size of MOS transistors 
MP1 and MN1, and on the other hand, considering as high resistance. This means that rN1 and rP1 
become high resistance, and gain also increases it. 

[0037] Moreover, an abnormality oscillation can be prevented, while making oscillation starting easy by 
setting the damping resistance Rd as low resistance, and making it switch to high resistance in the place 
which would be in the stable state until oscillation actuation will be in a stable state. 

[0038] The configuration of other examples of this invention is shown in drawing 4 . This example applies 
a clocked 2 input NAND gate instead of a clocked inverter in the example shown in drawing 1 . The 
same sign has shown the element which has the function equivalent to front drawing, or same. In 
addition, drawing 4 (A) shows the whole oscillator-circuit configuration, and drawing 4 (B) shows the 
concrete configuration of clocked 2 input NAND gate 33. 

[0039] It is the PMOS transistor from which clocked 2 input NAND gate 33 constitutes the 2 input 
NAND section in these drawings. MP4, MPS, the NMOS transistors' MN4 and MN5, and PMOS transistor 
that forms KUROKKUDOGE-TO MP3, NMOS transistor It consists of MN(s)6. 

[0040] Quenching of an oscillator circuit and a setup in starting mode are performed by making MOS 
transistors MPS and MN5 which constitute the 2 input NAND section turn on and turn off by the 
quenching signal STPN. MOS transistor MP3 and the gate electrode of MN6 are being fixed to touch- 
down potential and the power-source potential Vcc, respectively, and MOS transistor MP3 and MN6 are 
functioning as a load resistance component. 

[0041] Next, the configuration of the example of further others of this invention is shown in drawing 5 . 
The oscillator circuit concerning this example serves as the basic oscillator-circuit section 40, a 
waveform shaping circuit 50, and the logical block 60 that generates the basic clock timing signal 32 
from a frequency divider 70. 

[0042] The basic oscillator-circuit section 40 has a quartz resonator 6, capacity C4 and C5, 2 input 
NAND gate 10, the feedback resister R3, the D type (DEPURESHON mold) NMOS transistor MN7 that 
carries out the function of the damping resistance Rd, and the inverter 13. Moreover, a waveform 
shaping circuit 50 consists of inverters 1 1, 12, 16, and 17, and the frequency divider 70 consists of an 
inverter 28, toggle type flip-flops 19-27, and OR gate 29. 

[0043] Next, actuation is explained. When set as quenching mode, the quenching control signal STP has 
become high-level, the basic oscillator-circuit section 40 will be in a quenching condition, and a 
frequency divider 70 will be in a reset condition. Since all of Q output of the toggle type flip-flops 19-27 
which constitute a frequency divider 70 are set to a low level, the output 31 of a frequency divider 70 
serves as high level (supply voltage), and it is a D type NMOS transistor. The resistance of MN7 is low, 
namely, is set as the condition of being easy to oscillate also with low supply voltage. 
[0044] If an oscillator circuit is changed from quenching mode to oscillation mode (i.e., if the quenching 
signal STP is set to a low level), the basic oscillator-circuit section 40 is started, it will be at the 
oscillation start time TRC progress time from the time of starting, a clock signal will be sent to a signal 
line 30-1, and it will be inputted into a frequency divider 70. 

[0045] A clock signal is carried out 8 dividing by the toggle type flip-flops 19-21, and is further carried 
out 64 dividing by the toggle type flip-flops 22-27. Thus, the Q output 33 of the toggle type flip-flop 27 
becomes high-level, the output 31 of a frequency divider 70 changes to a low level, and it is the D type 
NMOS shortly. Resistance of MN7 is set up highly that it should function as damping resistance (since 
the gate voltage of MN7 becomes touch-down potential, resistance becomes high). 
[0046] An oscillation mode condition is held until the mask of the 8 frequency-divider output is carried 
out and the quenching signal STP is set to a low level next at this time, since the frequency divider 
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output 33 fixes OR gate 29 output high-level if it is set up high-level. 

[0047] Actuation of the oscillator circuit concerning this example is further explained to a detail with 
reference to the timing diagram of drawing 6 R> 6. The output of the basic oscillator-circuit section 40 
settles in a stable oscillation with the stationary amplitude after starting of an oscillator circuit, and 
oscillation start time TRC progress. Eight dividing of outputs 30-1 of the basic oscillator-circuit section 
40 obtained through inverters 1 1 and 12 is carried out by the toggle type flip-flop falling edge sense 19, 
20, and 21, and they are further carried out 64 dividing on the toggle type flip-flop falling edge sense 22- 
27. 

[0048] Since the output 33 of 64 frequency dividers which consist of a TC, then toggle type flip-flop 
falling edge sense 22-27 in the period of the output 30-1 of the basic oscillator-circuit section 40 
becomes high-level after 256TC progress from an oscillation initiation point in time, OR gate 29 output 
is fixed to coincidence high-level. Therefore, damping resistance of the resistance of normal is inserted 
in the output side of the basic oscillator-circuit section 40 after 256TC progress. 

[0049] Next, the configuration of the example of further others of the oscillator circuit concerning this 
invention is shown in drawing 7 . When the time of starting of an oscillator circuit and oscillation 
actuation are stabilized by this example, it switches two kinds of damping resistance from which 
resistance differs. 

[0050] Except basic oscillator-circuit section 40, since the configuration of the oscillator circuit 
concerning this example is completely the same as the configuration of drawing 5 , it shows the 
important section only about the configuration of the basic oscillator-circuit section, in addition, the 
element shown in drawing 5 — ** — about the element which has the same or same function, the same 
sign is shown and the overlapping explanation is omitted. That this example differs from the example 
shown in drawing 5 constitutionally is a D type NMOS transistor which functions as damping resistance. 
It is the point which constituted the damping resistance section instead of MN7 with the damping 
resistance R4 and R5 (R4 «R5), the NMOS transistors NM8 and NM9, and the NMOS driving signal 
generation inverter 34. In the above-mentioned configuration, when an oscillator circuit is set as 
quenching mode (i.e., when the quenching signal STP becomes high-level), the output 31 of a frequency 
divider 70 becomes high-level, the NMOS transistor NM8 is turned on and the NMOS transistor NM9 is 
turned off. Under this condition, the resistance R4 with sufficiently small resistance is inserted in the 
output side of the basic oscillator-circuit section 40. 

[0051] On the other hand, if an oscillator circuit will be set as oscillation mode (a quenching signal is a 
low level) and oscillation actuation will be in a stable state (from the time of the quenching signal STP 
changing from high level to a low level at least to after 256TC progress), actuation contrary to the 
actuation mentioned above will be performed, and the resistance R5 which functions as damping 
resistance will be inserted in the output side of the basic oscillator-circuit section 40. In addition, 
resistance R4 and R5 consists of a diffusion layer, polish recon, DEPURESHON type NMOS resistance, 
etc. 

[0052] The variable resistive element which carries out the duty of R3 is not restricted to the D type 
NMOS, and is easy to change resistance with an electrical signal. Two or more resistance elements are 
switched with an MOS switch, and resistance may be made to change. 

[0053] Although the conventional oscillator circuit was used as the basic oscillator-circuit section in the 
example shown in drawing 5 and drawing 7 , if the KUROKKUDOGE-TO configuration shown in drawing 1 
and drawing 4 is used, the oscillation starting performance in a low battery will also be improved sharply. 
About this, it is clear from old explanation, and a drawing is omitted. 

[0054] Drawing 8 shows other examples of this invention applied to the single chip microprocessor LSI 
(semiconductor integrated circuit equipment). A processor LSI 123 changes from an oscillator circuit to 
the CPU arithmetic unit 100, RAM101 and ROM102, a frequency divider 103, RAM RAITODE-TABASU 
108, RAM Lee Dodi-TABASU 107, ROM Lee Dodi-TABASU 118, and it. An oscillator circuit changes 
from the configuration of the external oscillation vibrator 6 and the resonance capacity C4 and C5 to 
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the KUROKKUDOGE-TO mold inverter 109 by this invention, a feedback resister Rd, the PMOS 
transistor MP 6 for pull-up, and it. The inverter for oscillation waveform shaping, 2 input AND gate 
where 110 and 111 constitute 104 and 105 constitute the gate for RAM read/write control, respectively, 
and 106 are 2 input AND gates for ROM lead control. 

[0055] The KUROKKUDOGE-TO mold inverter 109 consists of circuits shown in drawing 9 R> 9. 
Moreover, a frequency divider 103 is shown by drawing 1010 and consists of D type level latches 124- 
127, the 2 input NOR gates 128 and 129, and an inverter 130. 

[0056] Next, actuation is explained. With reference to the timing diagram of drawing 1 1 , actuation of a 
frequency divider 103 is explained first. The output 111-1 of the inverter 1 1 1 for oscillation waveform 
shaping is inputted into the cycloid type shift register which consists of D type level latch as clock 
timing, and performs a shift action. 

[0057] Each latch's Q output signal Q1, Q2N (negative logic signal of Q2), Q3, and Q4N (negative logic 
signal of Q4), it becomes as [ show / in drawing 1 1 ], and 2 input NOR-gate 128 output 1 19-2 and 2 
input NOR-gate 129 output 1 19-1 form the light clock of RAM, and a lead clock, respectively. 
[0058] In drawing 8 , the RAM read strobe signal 1 13 is the AND logic of the lead control signal 121 and 
the lead clock 119-1, and the RAM write strobe signal 114 is generated in the AND logic of the light 
control signal 120 and the light clock 119-2. The timing of this RAM read strobe signal 113 and the RAM 
write strobe signal 1 14 is shown in drawing 1 1 . 

[0059] Data are transmitted through the RAM light data bus 108 and the RAM lead data bus 107 
between the CPU arithmetic unit 100 and RAMI 01 to the strobe timing mentioned above. As mentioned 
above, dividing of the oscillation clock is usually carried out, and the interior-action timing clock signal 
group 1 19 of a processor is generated. 

[0060] In the processor of this example, if the quenching signal 122 from the CPU arithmetic unit 100 is 
set to high level (a signal 112-1 is a low level), KUROKKUDOGE-TO 109 will be turned off and will 
suspend oscillation actuation. At this time, since it is set to a low level, the gate signal 112-1 of the 
PMOS transistor MP 6 for pull-up is PMOS. MP6 is turned on and the input of an inverter 1 10 is fixed 
to supply voltage Vcc. Usually, at oscillation mode, it is PMOS. MP6 is an OFF state. 

[0061] In this example, the processor LSI in which the low-battery actuation not more than about supply 
voltage 2V is possible is realizable. 

[0062] furthermore, damping resistance — incorporating — an external pin — preparing — external 
signal control — or it is clear by setting mho Dodi~TA as an internal register (RAMI 01) from the CPU 
arithmetic unit 100 that add [ the function which makes this damping resistance adjustable ] it can do 
easily. Thereby, oscillation starting is easy at the time of a low battery and the high voltage, and the 
microprocessor which built in the oscillator circuit excellent in surge-proof noise nature and an 
abnormality-proof oscillation property can be realized. 

[0063] The configuration of other examples of the oscillator circuit concerning this invention is shown in 
drawing 1 2 . The basic oscillator-circuit section which is the basic component of the oscillator circuit in 
this example is a D type NMOS transistor. NM10, E type NMOS transistor It consists of an ED mold 
inverter circuit of NM9. 

[0064] It is an NMOS transistor to restrict the minimum value of supply voltage Vcc in this example. It is 
the threshold electrical potential difference Vthn of NM9, and oscillation stabilization starting voltage 
can be reduced sharply (in a formula (1), the term of |Vthp| becomes zero). In addition, they are a power 
supply terminal and an NMOS transistor in order to reduce power consumption in this example. The 
resistance R6 for current limiting is formed between NM(s)10. 

[0065] Next, the configuration of other examples of this invention is shown in drawing 13 . The basic 
oscillator-circuit section which is the basic component of an oscillator circuit [ in / on this drawing and 
/ this example ] is an NMOS transistor. It is constituted including NM9 and ER mold inverter circuit 
which consists of load resistance R7. 

[0066] It is an NMOS transistor to restrict the minimum of supply voltage Vcc of operation also in this 
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example. It is only the threshold electrical potential difference of NM9, and the same effectiveness as 
the above-mentioned configuration can be expected. What is necessary is just to design load resistance 
R7 greatly to reduce power consumption in this example. In addition, it is as other examples having 
explained the damping resistance Rd. 
[0067] 

[Effect of the Invention] As explained above, the oscillator circuit which according to this invention 
stable oscillation starting was completed on low supply voltage level, and aimed at prevention of an 
abnormality oscillation is realizable, and when including this in LSI, such as Microcomputer LSI, low 
supply voltage-ization can be attained easily. Moreover, a circuit scale is small, and ends and the 
effectiveness of being useful is in cost reduction. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the circuit diagram showing the configuration of one example of the oscillator circuit 
concerning this invention. 

[Drawing 2] It is the circuit diagram showing the configuration of the conventional oscillator circuit which 
used the quartz resonator. 

[Drawing 3] It is a timing chart explaining the operating characteristic of the oscillator circuit shown in 
drawing 2 . 

[Drawing 4] It is the circuit diagram showing the configuration of other examples of the oscillator circuit 
concerning this invention. 

[Drawing 5] It is the circuit diagram showing the configuration of the example of further others of the 
oscillator circuit concerning this invention. 

[Drawing 6] It is a timing chart for explaining the operating state of the oscillator circuit shown in 
drawing 5 . 

[Drawing 7] It is the circuit diagram showing the configuration of the example of further others of the 
oscillator circuit concerning this invention. 

[Drawing 8] It is the circuit diagram showing the example at the time of applying the oscillator circuit 
concerning this invention to the single chip microprocessor LSI. 

[Drawing 9] It is the circuit diagram showing the concrete configuration of the clocked gate mold 
inverter in drawing 8 . 

[Drawing 10] It is the circuit diagram showing the concrete configuration of the frequency divider in 
drawing 8 . 

[Drawing 1 1] It is a timing chart for giving explanation of the oscillator circuit shown in drawing 8 of 
operation. 
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[Drawing 12] It is the circuit diagram showing the configuration of the important section of the example 
of further others of the oscillator circuit concerning this invention. 

[Drawing 13] It is the circuit diagram showing the configuration of the important section of the example 

of further others of the oscillator circuit concerning this invention. 

[Description of Notations] 

MP1 PMOS transistor 

MP2 PMOS transistor 

MP3 PMOS transistor 

MP4 PMOS transistor 

MPS PMOS transistor 

MN1 NMOS transistor 

MN2 NMOS transistor 

MN3 NMOS transistor 

MN4 NMOS transistor 

MN5 NMOS transistor 

MN6 NMOS transistor 

6 Oscillation Vibrator 

10 2 Input NAND Gate 

1 1 Inverter 

12 Inverter 

13 Inverter 

14 Inverter 
1 6 Inverter 
1 7 Inverter 

18 Frequency Divider 

19 Toggle Type Flip-flop 

20 Toggle Type Flip-flop 

21 Toggle Type Flip-flop 

22 Toggle Type Flip-flop 

23 Toggle Type Flip-flop 

24 Toggle Type Flip-flop 

25 Toggle Type Flip-flop 

26 Toggle Type Flip-flop 

27 Toggle Type Flip-flop 

28 Inverter 

29 OR Gate 

33 Clocked 2 Input NAND Gate 

Rd Damping resistance 

04 Resonance capacity 

C5 Resonance capacity 

R3 Bias resistance 

OSC1 LSI oscillation output terminal 

OSC2 LSI oscillation input terminal 



[Translation done.] 
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